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(0) Drawing of a Front-End System for the J-PARC
Dec. 10&11 2002 e KEK
roaic froni-ind 6rop (1) Ton Source Beam Dynamics Design with BEAMORBT
Riyosti UGAI GO & Electron and H" Beam Axis Trajectory Calculation

Hidetono OGURICJARRD) *BEAMORBT : 1D ion extractor simulation code by Y. OKUMURA of JAERI for NBI
*3D magnetic field analysis with OPERA-3D

(2) Principle of Energy Modulation Type Pre-Chopper
& Beam Dynamics Design of LEBT with TRACEZD

(3) Beam Dynamics Design of RFQ with KEKRFQ and PARMTEQm
*KEKRFQ:RFQ design code by A. UENO
*PARMTEQm:standard RFQ simulation code (2D space-charge & z-domain)
by K. CRANDALL

(4) Cavity Structure Design of 4-vane RFQ with PISL by using SUPERFISH & MAFIA
*PTSL{ 7 -mode Stabilizing Loop):accelerating-mode stabilizer against
dipole-mode mixing, invented for J-PARC RFQ’ s & adopted in SNS-RFQ
*SUPERFISH:2D RF field analysis code by K. HALBACH
*MAFIA:3D RF field analysis code by T. WEILAND

Front-End Design  (5) RF-Window Design for Loop Type Coupler with HFSS

E%??%;fa; *{FSS:3D RF field analysis code
(2)LEBT Optics

(3)RFQ Optics

(4)RFQ Cavity

(5)Loop Coupler
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Self-consistent

J-PARC Front-End Group field calculation
Akira UENO(KER) Uniform current
KfyOShi IKECANI (KEK) densj_ty at

Yasuhiro KONDO(JAERI)
Hidetomo OGURI(JAERD) plasma surface—

0

R-AXIS (MM)

Beam axis
0 10 20 30 0,
Z-AXIS (MM) :
Beam trajectory in ion source extractor simulated with BEAMORBT.
EMITTANCE DIAGRAM
70.00
Current Density = 9.354E+01(mA/cm2)
RER0 Total Current = 6.304E-02(A) ~ 53mA
42.00 Perveance = 6.128E-09(AN**,5)
Divergence(RMS) = 2.399E+00(DEG}
— 28.00
S
£ 14.00
o 0.00
T
E -14.00
-28.00
-42.00
Front-End Design 56.00
(0)Drawing
(1)IS Optics -70.00 12— it
(2)LEBT Optics 800 €00 300 000 300 600 9.00
(3)RFQ Optics
(4)RFQ Cavity R-AXIS (mm)

(5)Loop Coupler Beam emittance at exit of ion source extractor simulated with BEAMORBT.



Ist East-Asian (1) B D Cairas L1.on Parameters of ejection angle

Miniworkshop on Magne Extraction  Ground Blectro- E correction electro-magnet.
High Intensity Blectraode Electrode  magnet SMAG (4-poles & 2-currents)
p Accelerator-RFQ slectpon Pole thick. 24mn
Suprepsion
VSR I Turns/pole 22
J-PARC Front—End Group . Bend. angle(ver.) 0~27mrad
Akira UENO(KEK) Electrode - on Pole-gap(ver. ) 70mm
Kiyoshi IKEGAHI CKEK) e e B e e e et e e e , Bend. angle(hor.) O~1.35mrad
Yasuhiro KONDOCJAERD) e *Nax. coil current is 10A
Hidetomo OGURI(JAERD) f for vertical or horizontal.
/ 14 o -
preneacess
—{ 10 il §
— T 7 ; ; : :
magnetic field(Bx) o : > ¢
400 b y electron trap —_— L & S S g
electron trajectory(y el) — 16 B Ly - ' i
\_‘\J H h‘njpﬁfmr(v_n *]n) - - F — =4 3
T 5 £ A 2 = 3 - :
200 | 2 - .‘ _—
e 14 E @l ——
n 0 f | 3 X Y. AR
Rouitg o 3 o L b
& | - Photograph of ejection angle
12 e} correction electro-magnet.
200 | -
‘ 11
400 F \4 \\B 0
Front-End Design eanm [offset at the

(0)Drawing 40 o0 10 20 30 40 5o cocenjgl of correction

(DIS OptiCS Longitudinal P osition (mm) electro—magnet ~ 50 ke
(2)LEBT Optics

(39RFQ Opt fcs Positions and sizes of axial asymmetric magnets for beam extractor (upper figure).
(HRFQ Cavity Magnetic field on beam axis without correction magnet field and calculated trajectory of
(5)Loop Coupler centers of H beam and electron beam (lower figure).
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tage of Prechopper Cavity ——

p Accelerator-RF{ z ap Voltage ot tree ngrf]rEnae‘r’_g, \

E 50} ——Lhreshold Encrgy for REQ Acgeleration.—=— | 50
Dec. 10811 2002 @ KEK %5 3

< I
J-PARC Front-End Group © 40| 40 >
Akira UENO(KEK) 2 )
Kiyoshi IKEGAMICKEK) &30 | 130 B
Yasuhiro KONDOCJAERD) -5 £
Hidetomo OGURI(JAERD) @ 2

A 20 120 M

= =

< @

%@10- 110 2

©

> 0 10

o

<

<410 ‘ ‘ ‘ ‘ -10

0 500 1000 1500 2000

time (ns)
Principle of energy modulation pre-chopper.

Pre—chopper parameters for 70% chopping operation.

Rise/fall time ~50 ns

Injected beam energy 47.3 keV
Front-End Design Vacc 2.7 kV
(0)Drawing dt_Vacc 515 ns
(IS Optics Vdec -6.3 kV
(2)LEBT Optics 4t ydec 991 ns

3)REQ Opti
E43RF8 CEV;E; *Beam energy ejected from LEBT=50 keV or 41 keV,

Energy at Pre-Chopper
Deceleration Phase Design Value

—
e
<

' 30mA-RFQ simulated with BEAMPATH ——

=
o)
<

W

oo}
<

s
[a]

Normalized RFQ Beam Intensity (%)
) o
S S

<

40 42 44 46 48 50 52 54
Injected Beam Energy (ke V)

Relationship between RFQ beam intensity and
injected beam energy simulated with BEAMPATH.

*BEAMPATH: time domain 3D PIC code by Y. BATYGIN
of RIKEN

(5)Loop Coupler *Vacckdt Vacc= Vdec*dt Vdec to avoid core saturation
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EMITTANCE DIAGRAM
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value X %
47,000 vl
30.000 TR
2785 470 L1
50,000 B
30000 Ll
A56.000 b
30,000
9984 E29
S0, 0
30,000
7R.G00

By

9.0 mm x

Gap Center of
Pre-Chopper Cavity

[nitial and final emittances and beam envelopes in LEBT calculated with TRACEZD.

*1st candidate for LEBT optics
smaller transverse focus
— lower RFQ transmission (~ 75%):

in design stage for samaller transit time factor &
ing effect of pre—chopper accelerating gap.
ossible causes (1)lower space charge newtrarizaion

(2)transverse parameter of beam and/or RFQ matched parameter different from simulations
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PiccoleratorRF0 " / TUITEME 5482 G482
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Dec. 10¢11 2002 @ KEK 200 V1
2 10 ng ne value |l
J-PARC Front-End Croup £ [ 47, Ggg K|
Akira UENO(KEK) g } g 7332‘101 c | I[|
Kiyoshi IKEGAMI(KEK) g e A 50,000 1 A
Yasuhiro KONDO(JAERD) -28.0 1 4 30 000 %
Hidetono OGURI(JAERT) 1 5 356000 %
£ 1 & 30.000 i
550 imm x| 70.0 mrad i 7 776573 QO me x| 700 mrad
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ek gt {9 43000 R
q(ii%ﬁ"'.mm x| 70.0 mrad 9.0 mr x| 70.0 mrad
1¢Gmmf-;f—;—mh___
; =0l ; | =0l : o
T Tz L3 14 5 el = Ts" a9 |
Front-End Design
E?g?ga‘(’)’;ftl%cs [nitial and final emittances and beam envelopes in LEBT calculated with TRACEZD.
(2)LEBT Optics _ _ _
(3)RFQ Optics *2nd candidate for LEBT optics will be tested on January 2003.

(4)RFQ Cavity With similar optics (before installing pre-chopper), in which only distance between 2 SMAG' s was
(5)Loop Coupler different (150mm shorter), RFQ transmission more than 90% was observed.
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3

a) KEKRFQ Design Criteria

Gentle Buncher (¢ s_30mA/50mA=—-88/86° —-30/35" )

: constant longitudinal acceptance

— longitudinal capture suitable for pre-chopper
Acceleration Section (¢ s_30mA/50mA=—30/35°g

. constant transverse acceptance

—efficient acceleration = shorter length
*Many sets of cell parameter by KEKRFQ were
simulated with PARMTEQm and best one was adopted.

b) Constant Bore Radius (rp) for 2-dimentional
machining by using rotating concave cutter
(Vane Tip Curvature p =0.89r,).

c) 8-cell Post Radial Matching Section (B=B/2-B)
— Reduce Convergence Angle of Matched Beam.

*L. Young' s Idea used in LEDA-RFQ Design.
d) Es < 1.8EKPL = 32.08MV/m
4 ‘30mA:RFQIﬁﬁ£?gMeV)L—— -10
351 30mA-RE s —— 120
- QRFQ a(mm;
g 37 -30
]
%25 == /////i -4055
%; 2t S0,
%ilj s | 607
oo
g 1F 1-70
[Sa
0.5 -80
0 - -90
0 05 1 15 2 25 3 35 4 45

Longitudmal Pesition(m)

Cell parameter of 324MHz-30mA-RE(Q.

Energy(MeV), m, a(mm)

o
W
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w

Energy(MeV), m, a(mm)
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i
-50€
Z
{-60%
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— .9
0 05 1 15 2 25 3 35 4 45
Longitudinal Position(m)
Cell parameter of 324MHz—-50mA-REQ.
: ; - ‘ ‘ -10
SNS-RFQ:EnergngMeV) N
SNS RF Phls(Deg; -20
FQ:a(mm
-30
40 ~
&n
w
/ g
— =
{-60 2
1-70
-80
' : : : ‘ ' ‘ : -90
0 05 1 15 2 25 3 35 4 45

Lengitudmal Position (m)

Cell parameter of 402. 5MHz-SNS-RFQ.



Ist East-Asian ( YHF-RFQ:f=324Mhz,q=1.0,Wi=0.050,Wf=_3,00,0mu= 1,00B373582,et=0.67pi,1=36mA
. . 7 200
Miniworkshop on
High Intensity
p Accelerator-RFQ ™ o
Dec. 10&11 2002 @ KEK o °.
J-PARC Front—End Group_ 100
Akira UENG(KER)
Kiyoshi IKEGAMICKED) |, s oy
Yasuhiro KONDOCJAERI) e - B %% 4G o 7 oo
Hidetomo OGURI(JAER]) = B 050 e
A00 D25
<3 0.
-.400 -023%
¥ova. % a-ea vo. phifphis
~8%%ag ~A00 . 00 00 "°5Fao.e_ 8 0.0 T80.0
30mA-RFQ PARMTEQm result:injected beam emittances

050

025

-025

Front-End Design
(0)Drawing

(IS Optics
(2)LEBT Optics
(3)RFQ Optics
(4)RFQ Cavity
(5)Loop Coupler

JHF-RFQ:f=324Mhz,q=1.0,Wi=0.050,Wf= 3.00,omu= 1.00B8373582,et=0.67pi,I=36mA
080

=15 0. 0. RE]
exit of cell 294 nhetter= 97755

-.080

eea va. phitghie

"'U-‘h,n =450 0,
o= 300, ps= -21.6

30mA-RFQ PARMTEQm result:final beam emittances

~180 o, 180 300 250

90,0

JHF*RFG:E&S"§4Mhz.q=l.0.Wl=M50.M‘= 3.00.0mu= 1.008373582,01=0.67pl.1=36mA
£

“I
M|

]
. |
g C)

120

—_
~
—_—
&~

30

60

40

20

Normalized RFQ Beam Intensity (%)

0
-12

¥8_cell number

1
|

I
HHW

I
\w
|

T 0t
0

Rl i

120 180

30mA-RFQ PARMTEQm result:trajectory of each particl

30mA-REFQ simulated with BEAMPATH —=—
SNS-RFQ simulated with BEAMPATH ——

)

T -8 -6 4 2 0

Injected Beam Energy Difference(keV)

Relationship between RFQ beam intensity and injected

beam energy simulated with BEAMPATH.
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a) b)

Hidetomo OGURICJAERD)
e UgV @ ® \ 3 o ]
D@, @ i . mg ® Inside view of the 30mA—RFQ
| | cavity stabilized against di-
@ pole-mode mixing with PISL’ s.
n (PD-mode Stabilizing Loop
£)

d) e)

Ol
®U®
U
il
®7
® @

Front-End Design g) h) | i}

E?g?gag;?%cs Principle of the PISL: _
(2)LEBT Optics Frequency of one of 2 degenerated dipole modes {a)d)g)} From Maxwell Equations,
(3)REQ Optics increased by horizontal PISL, that of the other {b)e)

(4)RFQ Cavity h)} increased by vertical PISL with small effects for I o
(5)Loop Coupler accelerating mode {c)f)i)}. S(loop _inside)

B(x,y)dxdy =0
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Akira UENO(KEK)

Kiyoshi IKEGANI (KEK) 334.1 b ' ' ' ' '
Yasuhiro KONDO(JAERI) ‘\ SF results -
Hidetomo OGURI(JAERID 334 05 | ‘ fitta/Nx/Ny+b —— i
~ 334 4 .
I \\
S 33395 | :
L s
»
— 3339+ .
333.85 | R :
3338 1 1 I 1 1 I
100 200 300 400 500 600 700 800
Mesh Number Nx (or Ny)
30mA-RFQ electric field calculated by using Most probable resonant frequency was calculated
SuperFish. Mesh number Nx(or Ny)=420, minimum by fitting several results for different mesh
mesh size dx(or dy)=0.07mm and calculated reso- size on a equation f_SF(N)=a/Nx/Ny+b.
nant frequency f SF=333.846 MHz. f_SF(N=00)=333. 827 = 0.03 MHz.

Front-End Design
(0)Drawing

(IS Optics
(2)LEBT Optics
(3)RFQ Optics
(4)RFQ Cavity
(5)Loop Coupler
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FRAME : (3 01/12/98 - 17:37

:49

VERSION[V4.015]

RFQ.DRD

MODES OF A JHF-RFQ WITH PISL

3D PLOT OF THE MATERIAL DISTRIBUTION IN THE MESH

J-PARC Front-End Group
Akira UENO(KEK)

Kivoshi IKEGAMI(KEK)
Yasuhiro KONDO(JAERI)

Hidetomo OGURICJAERD)

Front-End Design
(0)Drawing
(IS Optics

#VOLUME

COORDINATES/M

FULL RANGE / WINDOW

X[ .0000, .097000]
[ L0000, .097000]

Y .0000, .097000)
[ .0000, .097000)

zZ[ 0000, 21500]
[ .0000, .21500])

SYMEOL: UNDEFINE
: 1.60747E-04
MATERIALS :

Nx*Ny*Nz
=121*121*180
=2. 64x106

4

(2)LEBT Optics
(3)RFQ Optics
(4)RFQ Cavity
(5)Loop Coupler

MAFIA Mesh Plot of 30mA RFQ Unit Cell (1 PISL Period of Quadrant Cavity)
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Dec. 10811 2000 @ gy SuperFish (without PISL) £ SF(MHz) & Q SF  333.827 & 11276
MAFIA STD (without PISL)  f MFS(MHz) & Q MFS 330.675 & 10812

e e " HAFTA_PISL f_MFP(MHz) & Q_MFP 320.782 & 10264

Kiyoshi IKEGAKI(KEK)

Yasuhiro KWOAIRD . £ design=f_SF-(f_MFS-f_WFP)=333.827-(330. 675-320. 782)=323. 934 Mz

*The larger Nx/y, the smaller Q MF. Problem on fine mesh power dissipation calculation in MAFIA.

Front-End Design : .
(0)Drawing | a
(IS Optics 7 G \" nu
%1&?3%&3?223 Photograph of 30mA-RF( vane-end (entrance). Photograph of 30mA-RFQ vane-end (exit).

(4)RFQ Cavity Vane—end shapes, with which the resonant frequency became that in unit cell calculation and the
(5)Loop Coupler  electric field reproduce that used around beam axis became almost same with those in unit cell cal-

»
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Normalized Electric Field

two neighboring PISL' s calculated with MAFIA.

1.01

1.005

0.995

! ' $omARFOm PARMIEOD — 4
R e _0mA-RFQ:a_PARMTE ' o s
Ex MAFIA 29l
13
2 i
125
SRE. 1 £
1 1.6 { & w
14 [ i 1
I 1.2+ 10.5
1 - - ‘ ‘ ‘ —0
. 0 0.5 1 1.5 2 25 3
0.05 0.1 0.15 0. Longitudinal Position (m)

Longitudinal Position (m)
Electric field distribution near beam axis between

‘m" and ‘a’ of 30mA-RFQ used in PARMTEQm.

' " S0m-REC comedied— |
24 e . 30mA-RFQ:a”corrected — | 35
22}
13
2 {o
A 12,3
I N—~— '
. 1.8 12 §
16 [ 15 =
1.4+ 11
1.2 ¢ 10.5
1 ' ' : : : — 0

0 0.5 1 1.5 2 2.5 3
Lengitudmnal Position (m)

‘e’ and ‘a’ of 30mA-RFQ after corrected effects of field dis-

tortion due to PISL’ s and incorrect PARMTEQm approximation.
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(1)1S Optics
(2)LEBT Optics
(3)REQ Optics
(4)REQ Cavity
(5)Loop Coupler

4)

X
‘ ~
L
+
e
N
<
P : TN
s = =
~— - e
© i -
Y =y ~
A A —A
— + =~
o— - -+
Ry S ;_,-/{
v <
o P
— N
= s
;rj
Yy =
Le (1) Le (i+1)
- -
Y
¥
m :modulation factor
a :minimum bore radius
Le:cell length
x :horizontal direction
y :vertical direction

Amplitude of acceleration field Eﬁ=‘;“‘£(i1)mnj; = de(L )
e m- -1

T ma

where, )

2
m[o

(I)Approximation used in PARMTEQm

Ez (Z) - {A(I) & M dZ}e(LC (f), Z)
. (i) -1
A = i —
ma(i) 7 m(i)a(i)
where, m(i)’ [(1;()) L——>—= L) )

*Incorrect cell length Lc(itl) is used to calculate A(i+1).

(2)More acculrate approximation

E.@)= 4@+ 2040 (‘j"( AD=AHD prer, 6),2)

m(iy -1

a(i)
L()) fo———

4=

o m(iHa(i)
L.()

where, m(iY' I, ( )

m@+1)* -1
n'a(z+1))+Io(nm(i+l).a(1'+1)
L.@) L)

A4 ()=

m(i +1)" I, ( )

*CRANDALL agrred with this, but thinks the effect is negligible.
*Vanes of J-PARC-RFQ's are cut with corrected ‘m’ and ‘a’ to reproduce energy gain in each cell used
in PARMTEQm simulation, since ‘m’

ordinally design.

and

¥ ¥

a  of KEKRFQ design change more rapidlly compared with
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HESS Model Plot of RE Loop Coupler for 30mA-REQ
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Two RF couplers are in- |

stalled on 30mA-RFQ.

Each coupler is rotated

about 45° .

Front-End Design
(0)Drawing

(IS Optics
(2)LEBT Optics
(3)RFQ Optics
(4)RFQ Cavity

T
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Drawing of RF Loop Coupler for 30mA-REQ

(5)Loop Coupler Loop shape was determined by testing model couplers with various loop shapes on 30mA-RFQ cavity.
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